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Abstract. The ISO and IUE spectra of the elliptical nebula NGC 5315 is presented. These spectra are combined
with the spectra in the visual wavelength region to obtain a complete, extinction corrected, spectrum. The
chemical composition of the nebulae is then calculated and compared to previous determinations. The HST Nicmos
observations of the nebula in 3 emission lines are also presented. These observations are used to determine the
belium abundance as a function of position in the nebula. A discussion is given of possible evolutionary effects.
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1. Introduction

The southern planetary nebula NGC 5315 is a compact
nebula with a diameter of about 4”at half power and 6"”at
the 1% level. The nebula is almost spherical (slightly ellip-
tical) with a complicated structure, including a somewhat
broken ring. The central star is clearly visible, having a vi-
sual magnitude of about 14. The star is classified as WC4
and hydrogen deficient (Mendez 1991). A P Cygni profile
with a terminal velocity of about 3600 km/s is measured
in the C 1v line (Feibelman 1998). This article reports and
analyses two different kinds of observations of this nebula.
First the ISO infrared spectrum is reported. It is combined
with the IUE ultraviolet observations and the visible line
spectrum to find the nebular abundances. The abundances
found for the nebula are rather similar to those found in
other PN: there is no indication that the nebula is hy-
drogen deficient. Since the nebula is formed by mass loss
from the central star, and this star is hydrogen deficient,
the problem arises: at what stage did this changeover take
place. In particular, can this changeover be seen by look-
ing with high spatial resolution at the appropriate lines
in the nebula? To try to answer this question we have ob-
served the nebula with the HST Nicmos instrument with
a spatial resolution of better than 0.1"in order to study
this problem.

¢
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* Based on observations with ISO, an ESA project with in-
struments funded by ESA Member States (especially the PI
countries: France, Germany, the Netherlands and the United
Kingdom) and with the participation of ISAS and NASA

1.1. Advantages of the ISO spectrum

Including the ISO SWS spectra of planetary nebulae with
spectra of the nebula in other spectral regions” allows an
abundance determination which has several important ad-
vantages. These have been discussed in earlier papers (e.g.
see Pottasch & Beintema (1999), Pottasch et al. (2000),
or Bernard Salas et al. (2001).

The most important advantage is that the infrared
lines originate from very low energy levels and thus give
an abundance which is not sensitive to the temperature
in the nebula, nor to possible temperature fluctuations.
Furthermore, when a line originating from a high-lying
energy level in the same ion is observed, it is possible to
determine an effective temperature at which the lines in
that particular ion are formed. When the effective tem-
perature for many ions can be determined, it is possible
to make a plot of effective temperature against ionization
potential, which can be used to determine the effective
temperature for ions for which only lines originating from
a high energy level are observed. Use of an effective elec-
tron temperature takes into account the fact that ions are
formed in different regions of the nebula. At the same time
possible temperature fluctuations are taken into account.

Use of the ISO spectra have further advantages. One of
them is that the number of observed ions used in the abun-
dance analysis is approximately doubled, which removes
the need for using large ‘Tonization Correction Factors’,
thus substantially lowering the uncertainty in the abun-
dance. A further advantage is that the extinction in the
infrared is almost negligible, eliminating the need to in-
clude large correction factors.
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2. The spectrum of NGC 5315
2.1. I1SO observations

The ISO SWS observations were made with the SWS(02
observing template which gives good spectral resolution
for a limited number of lines. This was supplemented by
an SWSO01 observation. The intensity of the lines found
in the spectrum is shown in Table 1. The uncertainty
of the stronger lines is about 10%. The measurements
were centered at RA(2000) 13%53™57.8° and Dec(2000)
-66°3050.2". As shall be shown from the HST observa-
tions, this position is about 4"to the east of the cen-
ter of the nebula. But because the diaphragm used was
14" x 20" below 12 pm and somewhat larger above this
wavelength, the entire nebula always was measured by the
SWS. The LWS measurements are reported and discussed
by Liu et al (2001). That the SWS measurement was of the
entire nebula can be checked by comparing the Balmera

line at A4.052um with that predicted by the total radio

emission. Using a radio flux density of 415 mJy (see below)
a Bra intensity of 1.04 107! erg cm™2 s7! is predicted,
which agrees very wellwith the measured value.

Table 1. ISO observations of NGC 5315
(in units of 107** erg cm™? s71)

Ident. A(um) Intens. | Ident. A{um) Intens.
Hi 6-4 2.626 59 | [Fen] 25.98 6.3
? 3.691 12 | [Sin] 34.81 64
Hi5-4  4.052 100 | [Fen]  35.35 <5
[Fe] 5.340 <2 | [Nem] 36.008 108
[Armor]  8.992 380 | [QuI]* 52 500
[S1v] 10.551 310 | [Nm]” 57 180
? 11.998 88 | (01" 63 460
[Nerr] 12.813 510 | [Om1]* 88 78
[Nemrr]  15.55 1580 | [N11]* 122 6.0
[S 11} 18.712 300 | [O1]" 146 10
[Fermr]  22.92 105 | [Cu]* 157 153

* These data are from Liu et al. (2001).

2.2. Comparison with other infrared observations

A comparison is made in Table 2. Only five lines have
been measured earlier and with different diaphragms. The
IRAS measurements refer to the entire nebula, and this is
prabably the case for the measurements of Aitken & Roche
(1982) as their beam size is about the size of the nebula.
There are two sets of IRAS data given in the table. The
second set is a very recent reduction made in Groningen
and is to be preferred. It is not clear why the earlier mea-
surement of the S Iv line was so high.

2.3. Extinction

The observed 6 cm radio emission (415 mJy, Cahn et al.
(1992)) predicts a total HB flux for the nebula of 1.33
10719 erg cm~2 s~1. The observed HB is 3.8 10~ (Cahn

Table 2. NGC35315: Comparison of infrared observations
(in units of 1072 erg cm ™% s71)

A Ident. 1SO IRAS AR
(pm) (1) 20 @3
8.99 [Ar 1) 380  300: 300 390
10.51  [S IV} 310 850 335 290

128 [Nem 510 700 810 760
1555 [Nem] 1580 1700 2100
18.71 [Si] 300 300: 270

(1) Pottasch et al. (1986); (2) Re-reduced measurements; (3)
Aitken & Roche (1982), 5.3"beam

et al. (1992)). The extinction is therefore c=0.54. The ob-
served Balmer decrement is consistent with this value:
Cahn et al. (1992) give ¢=0.60. We will use ¢=0.54 or
Eg_v =0.37.

2.4. Comparison of ISO and HST hydrogen lines with
theory

A comparison of the ISO and HST hydrogen line intensi-
ties with theory is made in Table 3. This is useful to insure
ourselves the ISO aperture covers the entire nebula and at
the same time the extinction can be determined. As can
be seen from the table, two infrared hydrogen lines can
be seen in the ISO spectrum and one in the HST spec-
trum. There intensities are given in the third column of
the table, and corrected for a very small extinction in the
fourth column. The theoretical values are shown in the
fifth column and are taken from Hummer & Storey (1987)
for T, = 9000 K and N, = 10* cm™3. The values are scaled
to give the best fit. At the same time this fixes the inten-
sity of all other hydrogen lines, in particular the HZ line.
The intensity found for this line is in very good agreement
with that found from the radio continuum emission. This
indicates that the extinction is correct.

Table 3. NGC 5315: Hydrogen line intensities (in units of
1072 erg cm™? 571)

AMpm) Transit. Obs. Corr. Theory
1052  Bra(b-4)  10.  10.3 10.8
2.626 Br3(6-4) 5.9 6.25 6.14
1.875* Paa(4-3) 50. 56. 45.6
48614 HB 38.1 132.

The theoretical values assume an electron temperature for hy-
drogen of T, = 9000 K
“see Table 6.

2.5. The visual spectrum

The visual spectrum has been measured by Torres-
Peimbert & Peimbert (1977), Pacheco et al. (1991) and
Acker et al. (1989). Their measurements are shown in



S.R. Pottasch et al.: Abundances of Planetary Nebula NGC 5313 3

the first five columns of Table 4 for those lines which
are of interest. In the last column the unreddened inten-
sities are given, normalized to the total H3= 1.33 10~%°
erg cm™2 s~t. An average value of the individual measure-
ments is used, with the measurements of Torres-Peimbert
and Peimbert given double weight.

Table 4. Visual Spectrum of NGC 5315 (unreddened intensity

in units of 107'% erg c;n™2 571)

A Ion Intensities Unred.
(A) (1) (2 (3) Intens.
3727 [O1] 31 59.4
3869 [Ne] 43 28.2 66.5
4363 [Om) 3.3 3.5 3 5.2
4711 [Arvl 1.0 1.3
4861 HJ 100 100 100 132
5007 [Om) 795 1101 831: 1140
5518 [Clu]  0.33: 0.4 0.46
5538 [Cli] 11 0.9 1.2
5755 [N 7.6 4.6 5.0 5.7
5876 Hel 24 178 24 221
6312 [Su1] 5.8 3.4 4.0 4.0
6563 Ho 483 490 340 380
6584 [N11 306 291 266 . 250
6717 [S1] 6.8 6.0 5.2
6731 [S11] 14.5 6.0 10.3
7136 [Arui  53.5 47.8 57T, 42.0
7325 [Om] 246 203 22 17.5

(1) Torres-Peimbert and Peimbert (1977), (2) Pacheco et al.
(1991), (3) Acker et al. (1989).

2.6. The IUE ultraviolet spectrum

The IUE spectrum has been discussed in detail by
Feibelman (1998). He has observed the nebula with both
high and low resolution spectra. This is important be-
cause the IUE diaphragm encompasses both the star and
the nebula. Since the star has strong and broad emission
lines, the stellar spectrum can be separated from the neb-
ular spectrum only when high resolution spectra are avail-
able, clearly showing the broader stellar emission.

The stellar emission spectrum shows a much higher
degree of ionization than the nebula. The star shows a
strong line of ionized helium (He 1I) whereas the ion is not
present (or in very small amounts) in the nebula. This is
shown, e.g. by its absence in the visual spectrum. If Hell
is not present, we would not expect to see O1IV either,
since it has a very similar ionization potential. And in-
deed, the infrared line of [OIv] at 25.89 pm is not present
in the spectrum although it is one of the strongest lines
in the infrared spectrum of nebulae showing HeIl It is
therefore unlikely that the lines at A1400 which Feibelman
attributes to nebular O1v] is due to this ion. In the same
way it seems unlikely that the ions Mgv and NevVv are
present in the nebula, since otherwise strong far infrared
transitions are not seen.

The nebular IUE lines which will be used in the deter-
mination of abundances are listed in Table 5.

Table 5. IUE Spectrum of NGC 5315

A Ton Intensities Unred.
(4) O @ 3 0
14837 © N 1.9 21 34
1661 O ] 1.0

16667  Om] 285 466 42 63
1750t * Nm] 473 665 6.0 85
1892 Sim] 2.9 3.0 43
1906 Cil 8.2

1909t  Cm] 165 393 35.  54.3
23251 * Cu) 62 89 7.8 1438
2424t *  [Nerv] 1.3 09 1.0 1.5
2470 [Om] 9.05 882 89 105

(1)high dispersion — all intensity units 10~** erg cm ™% s7*

(2)low resolution — all intensity units 107** erg cm™? s7*

(3)average intensity used for the muitiplet

(4)average intensities corrected for extinction, Eg_v = 0.37 -
all intensity units 1072 erg cm™? s7!

t the intensities given in columns (2), (3) and (4) are for the
entire multiplet.

* the intensities given in column (1) are for the entire multiplet

The first and second column of this table give the wave-
length and identification of the observed lines. The third
column gives the intensity measured from the hlgh resolu-
tion spectra. The fourth column is the mtensny measured
from the low resolution spectra and includes all nearby
lines of the multiplet. The fifth column of the table gives
the intensity used (for the entire multiplet). Finally, the
last column gives the total intensity of the nebula cor-
rected for extinction Fg_v = 0.37.

3. The HST observations of NGC 5315

Observations of the nebula were made with NICMOS on
24 March 1998 in proposal 7837 of Pottasch and Koorneef.
The purpose of the measurement was to see how the he-
lium abundance varies as a function of position in the neb-
ula. This can be done using only the neutral helium line
because almost all helium is in the form of singly ionized
helium. The absence of doubly ionized helium has been
discussed in the previous section. There could be a small
amount of neutral helium, since ions of similar ionization
potential do exist. In Table 12 it can be seen that ct
forms about 10% of the carbon, while S* is about 7% of
the total sulfur abundance.

A helium variation might be expected since the cen-
tral star has virtually no hydrogen in its atmosphere (e.g.
Hamann 1996), while the nebula (which is formed from
material ejected very recently by the star) is hydrogen
rich (see Table 12). The spatial resolution of these mea-
surements is sufficient for this purpose: the plate scale
is 0. 043”/p1xe1 The measurements were made by mak-
ing use of narrow band filters which isolated individual



4 S.R. Pottasch et al.: Abundances of Planetary Nebula NGC 5315

lines: F187N isolated the hydrogen Paschen o (Paa) line,
F108N isolated the Hel line at A10830 and FO95N iso-
lated the [S11] line at A9531. The purpose of measuring
the [S111] line was to see whether this line has the same
spatial behavior as the hydrogen line. In addition mea-
surements were made in the continuum nearby the line
so that the continuum (which was also observed through
the line filter) could be subtracted. To this end, measure-
ments were made using the F097N, F113N and F190N
filters which measured at A9700, 11300 and 19000 respec-
tively. The continuum emission was only a few percent of
the line emission, so the corrections were not large.

3.1. Integrated intensities

The filters used are quite narrow and contain only a single
line. The total intensity of the three lines is given in Table
6, integrated over a diameter of 7.7"’. The last column of
the table gives the intensity after correction for extinction.
This is the Pa « line intensity used in Table 3.

Table 6. Integrated line intensities:NGC 5315

Line  A(pm) Obs. Corr.
[Sm] 0.9536 1243 19.76
Her 1.0816 1249 17.99
Paa 1.8748 5.00 5.64

Intensities in units of 10”2 erg cm™2 s~* .

For completeness, the integrated nebular continuum
intensities are given in Table 7. These were measured with
narrow band filters at the wavelengths given in the table
and are integrated over a diameter of 7.7".

Table 7. Integrated continuum intensities:NGC 5315

A(pm) 6A(pm) Obs. Corr.
0.9715  0.0094 1.95 3.10
1.1298 0.0110 1.66 2.39
1.8986 0.0174 0.926 1.044

Intensities in units of 10~ **erg con =% s7 14!

Using the same filters the radiation from the WC4 cen-
tral star was measured. These values are shown in Table
8. The filter at 0.9715um transmits the strong stellar C 111
line so that the value from a nearby filter which transmits
mainly continuum is given.

3.2. Comparison of images made in the three lines

Four images of the nebula are shown as Fig. 1. Three of
them of taken in the different lines Paa, [S11], and Hel
A10830A. The fourth image shows the ratio of the Hel
line to Paa. The cross at the center of the nebula is at
the position RA(2000)=13"53™57.036° and Dec(2000)=-

Table 8. Continuum intensities from the central star of NGC
5315

AMpm) SA(pm) Obs. Corr.
0.9536 0.0088 1.97 3.13
1.1298 0.0110 2.03 2.93
1.8086 0.0174 0.722 0.814

Intensities in units of 10 **erg cm™? sT1A!

66°30'50.15". The angle between the positive y axis and
north is 108°. It is clear from the figure that the {Si]
image is very similar to that of Pac. The helium line has
a clearly different distribution.

3.3 The radial distribution of the ions

In order to study the global properties of the gas in the
radial direction, the image is treated as spherically sym-
metrical; then we look for the effects of departures from
this symmetry. While it is clear from Fig.1 that this as-
sumption is not completely correct, the geometry in the
line-of-sight is not known and therefore will always remain
an uncertainty. Therefore in Fig.2 we have plotted the av-
erage intensity (in mJy/pixel) over a circular 'shell’ whose
width is a single pixel, as a function of the distance from
the central star. Each of the three profiles represents a
single line (1108304, [S111] and Pac) since the contin-
uum flux has been subtracted. This is the reason that the
central star flux is not seen.

\
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Fig. 2. The average intensity (assuming circular symmetry)
is plotted as a function of the distance from the central
star.-The upper diagram is for [S111], the middle diagram for
A10830Aand the bottom diagram for Paa.
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Fig. 1. Four images of NGC 5315 are shown. One is made in the light of the {Su] line, one inHe I A108304, one in Paschena
and the bottom right image is of the ratio of the helium line to the hydrogen Pae line. The width of the boxes is 4.7".

To see the quantitative result, the ratios of several
lines, after converting mJy to intensity units, are given
in Table 9, at four distances from the central star. The ra-
tio of the [S111] to Pac after correcting for the extinction
is shown in column 2. In column 3 the ratio of S*+/H is
shown, using the method described in the following sec-
tion. There is a slow variation of this ratio; it is unclear if
this can be ascribed to a constant sulfur abundance cou-
pled with a changing ionization state, or to a changing
sulfur abundance. It is shown in the following section that
S*+ is the predominant ionization state in the nebula,
an order of magnitude more abundant than S* or S3+.
For this reason there is a serious possibility that the sul-
fur abundance is increasing closer to the central star. The
lower value at 0.75" may be caused by a line-of-sight ef-
fect. As will presently be discussed for the case of He, there
may be very little emitting material close to the central

star, and what is observed at this position is the much
stronger emission further out but in this line-of-sight.

The fourth column of Table 9 shows the
A10830/Paa ratio (corrected for extinction) while
the fifth column gives the A10830/Paf ratio, which is
found using the theoretical Pac/Pafratio (Hummer
and Storey 1987). The determination of He*/H from
A10830/PaB is difficult from theory. This is because
there is still some question as to the accuracy of the
theory. This can best be seen from Fig.3, where the log
of the ratio Hel A5876/HS has been plotted against
A10830/PaB. The open circles in the figure show all the
planetary nebulae for which measurements have been
made. The number of measurements of A10830 is a rather
small because the wavelength is not accessible to many
spectrographs. The primary references used are: Kelly &
Latter (1995). O’Dell (1963), Scrimger (1984) and Rudy
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Table 9. Line intensities and nebular abundances as function of nebular radius

Radius Sul/Pe  S°7/H 10830/Pe  10830/P7 5876/EB He/H He/H
0.75" 301 0.738(-5) 1.48 3.0 0.067 0.045

1.0" 452 1.11(-5) 3.99 8.21 0.180 012  0.193
1.5" 3.57 0.87(-5) 3.28 6.75 0.148  0.099  0.109
2.0" 3.18 0.78(-5) 2.78 5.72 0.125 0.083  0.083

*This helium to hydrogen ratio is corrected for line-of-sight integration (see text)

et al. (1991a, 1991b). The references for measurements of
the A\5876/H ratio are easily available in the literature.
The extinction used is that given by the authors, but
it is not critical because the ratios used are quite close
in wavelength. The grey line shown on the figure is the
least square best fit to the data and corresponds with
A10830/Pas = 45.6 A5876/HS.

0.5
= S
0.6 g / ‘,1
w -~ ’
8.7 + ~ // © .i",,
@ [©] .3’ 7~
9 / i
a8 = SO S
g 4 O~ oF O d
sl = /s Cc oW 7
7 § P
awl 7 7
7
KRN
4.2
13
1.4 | 4
O r
1.5 o log{(A10830/Paf)
_1.5 i i i A A i i i n .
00 01 02 03 04 D5 06 07 08 08 10 11

Fig. 3. The intensity ratioA5876/Hf is plotted as function of
A10830/Paf. Open circles give measured values with a best fit
line through them. The other lines are theoretical values taken
from Benjamin et al.

The other lines in Fig.3 are from theory and are taken
from Benjamin et al. (1999) which is the most complete
theoretical discussion of the Hel spectrum available. The
solid line is for T, = 10* K and N, = 10* cm™3, the
long dashed line corresponds to T, = 10% K, the short
dashed line is for T, = 2 x 10* K and N, = 10* cm™3
and the remaining line corresponds to T, = 10* K and
N = 10° cm™3. It can be seen that it is possible to ad-
just T, and N, to obtain a line which is in agreement with
B _the observations. But, in spite of this agreement, there
1s a fundamental difficulty with the resuits of Benjamin
et al. (1999). This is the fact that they predict much

.~ larger variations as a function of N, than are observed.

The nebulae that have been plotted have values ranging
from 3 x 10° em™3 (NGC 3242 and NGC 6826) through

6x10* cm~? (NGC 7027). The calculations of Benjamin et
al. (1999) would lead to a much larger scatter of the points
in Fig.3 if they were correct. However the observed points
form a straight line with only a small scatter and apply to
all observed nebulae. We therefore proceed in the follow-
ing way. Using the observed value of A10830/Pag, Fig.3
is used to determine the value of A5876/Hf at that point.
These values are shown in the 6®* column of Table 9 and
are in good agreement with the value 0.167 obtained from
ground based spectra and previously given in Table 4. The
ground based measurement was made with a diaphagm of
2"x 4"at a bright part of the nebula.

These values are then used to obtain the He* /H ra-
tio using the theoretical predictions of Benjamin et al.
(1999) for T, = 0.9 x 10* K and N, = 10* cm~2. This
value is also the He/H ratio, since there is essentially no
He™™ X\4686 emission (and no O1v 25.8 um as well). The
helium abundance at the various distances are given in
Col. 7 of Table 9. Because the nebula looks very much like
a shell, we have made the assumption that the nebula can
be divided into 10 concentric shells, each of which has a
constant A5876 /HS ratio. The emission may then be in-
tegrated so that the three dimensional helium abundance
can be obtained. This is shown in the last column of the
table. There is so little emission closer to the star than
0.8” that no abundance is given there. It is clear that the
helium abundance is increasing by an important amount
as one goes from the outside of the nebula to 1.0” from the
center. The exact values given in the table are influenced
by the assumption made of spherical symmetry; the result
of the change in helium abundance certainly remains in a
real nebula.

3.4. The azimuthal distribution of the ions

It is clear from Fig.1 that spherical symmetry is only use-
ful as a first approximation. It can also be seen from this
figure that the images in Pacand [S111] are quite similar,
but differ from the He I image. To study this in more detail,
the emission has been integrated along the radial direction
at various position angles. This is shown in Fig.4, where
the integrated intensity is plotted against the position an-
gle at 5° intervals for each of the three lines. In this figure
the intensity is given with respect to the average intensity
for the line (given in Table6).

From the figure it can be seen that the integrated in-
tensity varies as a function of position angle for all three
of the lines. This variation is quite similar for Paaand
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Fig. 4. The intensity integrated along the radial direction is
plotted as a function of position angle at 5°intervals. The in-
tensity scale is relative to the average intensity. The upper di-
agram for the [S111] line, the middle diagram for He1 A10 830,
and the bottom diagram shows Pac.

Table 10. Helium to hydrogen ratios integrated over radius at
a given position angle

PA" 10 830 10830 BB7E He

Pao Pag HB H
28° 5.17 10.6 0.233 0.155
152° 1.71 3.52  0.077 0.051
319° 4.85 9.98 0.219 0.146

*Position angle

the [S11] line, but quite different for the Hel line. This
is illustrated quantitatively in Table 10 where the ratio
of the He1A10830 to Pac is listed in column 2 for three
position angles representing extreme cases. It is seen that
the differences can amount to a facor of 3. This is a min-
imum effect because integration will always smooth the
differences.

3.5. Conclusion on the distribution of helium

Various uncertainties surround the helium abundance de-
termination. The first is the use of the A10830 line. The
theoretical predictions for this line cannot be used, but
the line intensity can be used to predict the intensity of
the A3876 line, which then can be used to obtain the ion-
ized helium abundance. The second uncertainty is whether
the ionized helium represents the total helium abundance.
This has been discussed above, where it was concluded
that there is no doubly ionized helium, but there could be
a small amount of neutal helium, of the order of 5 to 10%.

Within this uncertainty it appears that a shell of gas has
been ejected with in general a higher helium abundance on
the inside than on the outside. But the helium is not uni-
formly distributed and regions exist with a much higher
helium abundance. Thus ejection of the helium rich ma-
terial does not occur uniformly, but is a function of posi-
tion on the star. Apparently either the ejection of material
stopped at the moment very little hydrogen remained on
the stellar surface, or at the moment the ejection stopped,
some other process within the star occurred to make the
surface helium rich.

4. Chemical composition of the nebulae

The method of analysis is the same as used in the pa-
pers cited in the introduction. First the electron density
and temperature as function of the ionization potential is
determined. Then the ionic abundances are determined,
using density and temperature appropriate for the ion un-
der consideration, together with Eq.(1). Then the element
abundances are found for those elements in which a suffi-
cient number of ions abundances have been determined.

4.1. Electron density

The ions used to determine N, are listed in the first
column of Table11. The ionization potential required to
reach that ionization stage, and the wavelengths of the
lines used, are given in columns 2 and 3. Note that the
wavelength units are A when 4 ciphers are gi¥en and mi-
crons when 3 ciphers are shown. The observed ratio of
the lines is given in the fourth column; the correspond-
ing Ne is given in the fifth column. The temperature used
is discussed in the following section, but is unimportant
since these line ratios are essentially determined by the
density. There are not so many density determinations be-
cause sensitive measurements in the visible are rare. For
Clur and Ar1v theresults reported by Liu et al. (2001) are
given.

There is no indication that the electron density varies
with ionization potential in a systematic way. As already
pointed out by Liu et al. (2001) the [O111] lines always
give a lower density than the other lines. Ignoring these
lines, the electron density appears to be between 15000
and 20000 cm™3. It is interesting to compare this value of
the density with the rms density found from the HJ line.
This depends on the distance of the nebula which isn’t
accurately known, and on the angular size of the nebula.
For this calculation we shall use a distance of 2 kpc (Acker
et al. 1992). A sphere of diameter of 47 will represent the
nebula. The HA flux has been given above and the electron
temperature will be discussed below. We obtain a value of
24000 cm~2. This value is uncertain because the distance
is not well known. However the rms density varies only
as the square root of the distance. It is therefore likely
that the similarity of these values to the forbidden line
densities is real. This probably indicates inhomogenieties
do not play a2 dominant role in determinine the densitv. We
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Table 11. Electron density indicators

Ion Ioniz. Lines Observed N,
Pot.(eV) Used Ratio (cm™3)
S11 10.4 6731/6716 2.0 10000
Ou 13.6 7325/3727 0.30 18000
St 23.3 9536/18.7 5.2 26 000
Clul 23.8 5538/5518 23 500%
Cm 24.4 1907/1909 0.5 60000
o1 35.1 52/88 4.3 2300
Armv 40.7 4740/4711 12 000°
Ne 111 41.0 15.5/36.0 14.6 14000
Tfrom Liu et al (2001)
Table 12. Electron temperature indicators
Ion Ioniz. Lines Observed Te
Pot.(eV) Used Ratio (X)
N1 14.5 5755/6584 0.0255 9300
St 23.3 6312/18.7 0.13 9600
Arin 27.6 7136/8.99 1.1 9300
NI 29.6 1750/57 0.47 8300
O1 35.1 4363/5007 0.0046 8500
Ot 35.1 1663/5007 0.0055 9500
Our 35.1 5007/52 22.8 9200
Ne1n 41.0 3868/15.5 0.42 8700

will use the forbidden line densities in further discussion
of the abundances. ' '

4.2. Electron temperature

A number of ions have lines originating from energy levels
far enough apart that their ratio is sensitive to the elec-
tron temperature. These are listed in Table 12, which is
arranged similarly to the previous table. The electron tem-
perature remains roughly constant as a function of ioniza-
tion potential. This is in contrast to what has been found
in most other nebulae with ISO observations discussed
previously, although in NGC 6537 the electron temper-
ature was also found to remain constant. In the previ-
ous nebulae (including NGC 6537) the temperature found
from the [Ne 111] lines is usually lower than what would be
expected from the ions with a similar ionization potential.
This does not appear to be the case for NGC 5315. Thus
a value of electron temperature of 9100 K is used for all
lonization stages observed.

4.3. lonic and element abundances

The ionic abundances have been determined using the fol-

lowing equation:

Nion
Np

Lion . Au 0H ( N, )_1
= ——Ne—_ﬁ u 1
IHB AHﬁ Aul ’ Nion ( )

' where [ion/In, is the measured intensity of the ionic
line compared to HS, N, is the density of ionized hydro-

gen, Ay is the wavelength of this line, Ag, is the wave-
length of Hf, an, is the effective recombination coefficient
for HB, Ay is the Einstein spontaneous transition rate for
the line, and N,/Non is the ratio of the population of the
level from which the line originates to the total popula-
tion of the ion. This ratio has been determined using a
five level atom.

4.3.1. NGC5315

The results are given in Table 13, where the first column
lists the ion concerned, and the second column the line
used for the abundance determination. The third column
gives the intensity of the line used relative to HS. The
fourth column gives the ionic abundances, and the fifth
column gives the Ionization Correction Factor (ICF).This
has been determined empirically. Notice that the ICF is
usually small, less than a factor 1.5, and the element abun-
dances, given in the last column, are probably well deter-
mined.

Table 13. Ionic concentrations and chemical abundances in
NGC5315. Wavelength in Angstrom for all values of A above
1000, otherwise in pm.

Ion A Intens. Nion/Np ICF  Ne /Np
He™ 5875  0.186 0.124 1 0.124
ct 2325 0122 4.65(-5)

ctt 1909  0.418 2.6(-4) 1.4  4.4(-4)
N+ 6584 1.9 5.4(-5)

N*t+ 1750  0.065 2.0(-4)

NT3 1487  0.026 1.3(-4) 1 4.6(-4)
ot 3727 045 7.1(-5)

Ott 5007  8.46 4.5(-4) 1 5.2{-4)
Net4 12.8  0.386 6.4(-5)

Nett 155 1.2 9.0(-5)

Net3 2425  0.012 5.0(-6) 1 1.6(-4)
g+ 6731  0.078  8.5(-7)

S+t 18.7  0.227 5.7(-6)

S+ 6312 0.030 1.0(-5)

§t+ 9531 1.47 1.1(-5)

§+3 10.5 0.24 1.1(-6) 1 1.2(-5)
Artt 899 0.29 3.3(-6)

Artt 7136 0.32 3.8(-6)

Art3 4741 0.010 72(-7) 11  4.6(-6)
Fet 2598 0.0048  1.1(-7)

Fe™ 2292  0.008 2.7(-7)

Fe™ 208 <0003 <1.5(-7) 14 53(-7)
Sit 348  0.049 8.6(-6)

Sitt 1892  0.033 3.3(-6)

Intensities given with respect to HF=1

5. Comparison with other abundance
determinations

Table 14 shows a comparison of our abundances with the
most important determinations in the past 20 years. There
is reasonable agreement, usually to within a factor of two.
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This is the first time the carbon abundance has been de-
termined, and it appears to have equal amounts of car-
bon and oxygen. The nitrogen is also approximately the
same as oxygen, which agrees with some, but not all, of
the earlier determinations. The iron abundance has been
determined for the first time in this nebula and is quite
reliable. It is about a factor of 60 lower than the solar
abundance {Anders & Grevesse, 1989, Grevesse & Noels,
1993), and this may be explained by the iron being mostly
in the form of dust. This was also found in NGC 6302.

The helium abundance has been discussed earlier. Only
the A\58754 line was used, because, as discussed above, the
theoretical determination of this line is the most reliable.
It is possible that a small correction must be made for
neutral helium. This could increase the helium abundance
by at most 10%.

The present results indicate that oxygen is slightly
more abundant than carbon.This is consistent with the
absence of PAH emission in the infrared spectrum.

5.1. Errors

It would be interesting to determine the errors in the abun-
dance determination. Unfortunately this is difficult to do.
The reason for this is the following. The error can oc-
cur at several stages in the determination. An error can
occur in the intensity determination and this can be spec-
ified: it is probably less than 30% and may be lower for
the stronger lines. An error may occur in correcting for
the extinction, either because the extinction is incorrect
or the average reddening law is not applicable. We have
tried to minimize this possibility by making use of known
atomic constants to relate the various parts of the spec-
trum. Thus the ratio of Bra to HS is an atomic constant.
The ratio of the infrared spectrum to the visible spectrum
is fixed in this way,

A further error is introduced by the correction for un-
seen stages of ionization. This varies with the element, but
is usually small because very many ionization stages are
observed. Thus for neon all but neutral neon is observed,
so that the error will be small. This is also true for sul-
fur, argon, oxygen and nitrogen where the higher stages
of ionization which are not observed contribute very little
to the abundance.

There is also an error due to uncertainties in the col-
lisional cross-section and the transition probabilities. The
former is estimated at 25% and the latter is smaller. One
might think that when comparing nebulae this error will
disappear, since the same error is made in all nebulae.
This is partly true, but because the contribution of a given
ion varies with the nebula, some unspecifiable error will
remain. In a previous article this has been estimated as
30% (Pottasch et al. 2001).

6. The central star

As mentioned in section 1, this nebula is excited by a WC4
central star. Using the visual magnitude of 14.2 listed by

Kaler and Jacoby (1991) which they cbtain by averaging
various rather different values found in the literature and
the Hf flux given above, the hydrogen Zanstra tempera-
ture (T,(H) is about 66 000 K. No doubly ionized helium
is seen in the nebula; this is confirmed by the absence
of any noticable O IV emission. This is consistent with the
above temperature. The ’Stoy’ or Energy Balance temper-
ature can also be found from the above data. The value of
the ratio of *forbidden line emission’ (including all colli-
sionally excited emission) to HS 1s 16.7, which leads to an
energy balance temperature (TgB) of 54 000 K. These val-
ues are in reasonable agreement with those given by Kaler
& Jacoby (1991) of Tg B = 56000 K and T,(H) = 65000
K. Kaler & Jacoby however also give a He 1l Zanstra tem-
perature of T,(He 11) = 82000 K for which they give more
weight. We believe that this is wrong and that they have
mistaken the stellar A4686 emission for nebular emission.

7. Conclusions

If all of the hydrogen-rich envelope of the AGB star is
ejected and, as in this case, a hydrogen-deficient star re-
mains, it might be expected that some of the hydrogen-
deficient material would be ejected as well. We have inves-
tigated the abundances in NGC 5315 with this in mind.
Such a scenaric would lead to an increased abundance of
helium, carbon and oxygen, and a decrease 1}1 nitrogen
abundance. This is not seen. The carbon abundance is
similar to other PN investigated (Pottasch et al, 2001) as
is the oxygen abundance as well. The nitrogen abundance
is certainly not lower than other PN, rather it is on the
high side. This indicates that the nitrogen (and the some-
what high helium abundance) was created in a dredge-up
event which brought it to the surface, just as in PN which
do not have WR central stars. The star apparently knows
how to stop mass loss before the hydrogen-poor material
is expelled.

In order to investigate whether anything abundance
changes can be seen in the nebula we report on HST
NICMOS images made in hydrogen, helium and sulfur
lines. These were made with a resolution of 0.043"to see
whether any abundance changes occur within the nebula.
The image in [Siii] Looks very similar to that of Paa, con-
sistent with the conclusion that the nebula consists of hy-
drogen rich material with a constant sulfer abundance. On
the other hand the Hel image is substantially different
from the hydrogen image, indicating a buildup of helium
in certain positions. It is likely that helium rich material is
being ejected In two nearly opposite directions. How this
occurs, and why it is not seen in the sulfur, is not known.

The buildup of infrared continuum emission is predom-
inately longward of about 14um. Some dust features are
seen, most important are the silicate emission at about
11.3um and a broader feature at 33.5um. As mentioned
above, PAH features are absent or very small. This is con-
sistent with the oxvgen rich nature of the nebula.
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Table 14. Comparison of abundances in NGC 53153

Elem. Present TPP(1) KB(2) FP(3) SKAS(4) Malkov(3)

He 0.124 0.122 0.091 0.106 0.11 0.11
C 4.4(-4)

N 46(-4)  6.7(-4) 6.1(4) 2.7(-4)  23(-4)  22.3(-4)
0 5.2(-4)  7.1(4) 6.4(4) T.6(-4)  3.9(-4) 4.7(-4)
S 1.2(-5) 1.9(-5)  1.4(-5) 3.1(-6)
Ar 4.6(-6) 48(-6)  6.5(-6) 3.0(-6)
Ne 1.6(-4)  1.9(-4) 1.9(-4) 1.1(-4) 1.2(-4)
Fe 5.3(-7)

(1) Torres-Peimbert & Peimbert (1977); (2) Kingsburgh & Barlow (1994); (3) de Freitas Pacheco et al. (1991); (4) Samland et
al. {1992); Malkov (1998).
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